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(57) Abstract 

A ventilation system for a metal-air battery having a housing for 
enclosing at least one metal-air celt (10). The housing (20) has at least 
one air inlet opening (30) and at least one air outlet opening (35). A fan 
(40) is positioned to force air into the air inlet opening and out of the 
air outlet opening when the fan is turned on. The openings are sized 
with a length in the direction through the thickness of the housing being 
greater than a width in the direction perpendicular to the thickness of 
the housing. The openings are unobstructed and are sized to eliminate 
substantially the air flow into the air inlet opening and out of the air 
outlet opening when the fan is turned off. According to another aspect 
of the invention, a fan (80) within the battery housing (72) is positioned 
to distribute air to two separate sets (76-79) of metal-air cells at the 
same time. In this configuration, all cells of both sets of cells receive 
air quickly, and the air received is richer in oxygen because the air paths 
are shorter than in previous configurations utilizing the same number 
of cells. 
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1 

DIFFUSION CONTROLLED AIR VENT 
AND RECIRCULATION AIR MANAGER 
15 FOR A METAL-AIR BATTERY 



Technical Field 

The present invention relates generally to batteries, and more 
20 particularly relates to a ventilation system and air manager system for a 
metal-air battery. 

Background of the Invention 

Metal-air battery cells include an air permeable cathode and a 
25 metallic anode separated by an aqueous electrolyte. During discharge of a 
metal-air battery, such as a zinc-air battery, oxygen from the ambient air is 
converted at the cathode to hydroxide, zinc is oxidized at the anode by the 
hydroxide, and water and electrons are released to provide electrical 
energy. Metal-air batteries have a relatively high energy density because the 
30 cathode utilizes oxygen from ambient air as a reactant in the electrochemical 
reaction rather than a heavier material such as a metal or metallic 
composition. Metal-air battery cells are often arranged in multiple cell 
battery packs within a common housing to provide a sufficient amount of 
power output. The result is a relatively light-weight battery. 
35 To operate a metal-air battery cell, it is necessary therefore to 

provide a supply of oxygen to the air cathodes of the cells. Some prior 
systems sweep a continuous flow of new ambient air across the air cathodes 
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at a flow rate sufficient to achieve the desired power output. Such an 
arrangement is shown in U.S. Patent 4,913,983 to Cheiky. Cheiky uses a 
fan within the battery housing to supply a flow of ambient air to a pack of 
metal-air battery cells. When the battery is turned on, an air inlet and an 
5 air outlet are opened and the fan is activated to create the flow of air into, 
through, and out of the housing. 

One problem with a metal-air battery is that the ambient 
humidity level can cause the battery to fail. Equilibrium vapor pressure of 
the metal-air battery results in an equilibrium relative humidity that is 

10 typically about 45 percent. If the ambient humidity is greater than the 
equilibrium humidity within the battery housing, the battery will absorb 
water from the air through the cathode and fail due to a condition called 
flooding. Flooding may cause the battery to burst. If the ambient humidity 
is less than the equilibrium humidity within the battery housing, the metal- 

15 air battery will release water vapor from the electrolyte through the air 
cathode and fail due to drying out. The art, therefore, has recognized that 
an ambient air humidity level differing from the humidity level within the 
battery housing will create a net transfer of water into or out of the battery. 
These problems are particularly of concern when the battery is not in use, 

20 because the humidity tends to either seep into or out of the battery housing 
over an extended period of time. 

Another problem associated with metal-air batteries is the 
transfer of carbon dioxide from ambient air into the battery cell. Carbon 
dioxide tends to neutralize the electrolyte, such as potassium hydroxide. In 

25 the past, carbon dioxide absorbing layers have been placed against the 
exterior cathode surface to trap carbon dioxide. An example of such a 
system is shown in U.S. Patent No. 4,054,725. 

Maintaining a battery cell with proper levels of humidity and 
excluding carbon dioxide has generally required a sealed battery housing. 

30 As discussed above, however, prior art systems such as that disclosed by 
Cheiky, have used a fan of some sort to force ambient air through the 
battery housing during use. Large openings are provided to permit the in- 
flow and out-flow of air. These openings are generally sealed during non- 
use by a mechanical air door. If the air door is not present or not shut 

35 during non-use, large amounts of ambient air would seep into the housing. 
This flow of air would cause the humidity and carbon dioxide problems 
within the housing as discussed above. The oxygen in the ambient air also 
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would cause the cell to discharge, thereby leading to "leakage" current and a 
reduction in cell efficiency and lifetime. 

Even with the use of air doors, however, a certain amount of 
oxygen and contaminates tend to seep into the cell during non-use. Some 
leakage current is therefore inevitable. Although the air doors limit this 
leakage current and the other problems discussed above, the use of the air 
doors increases the complexity of the battery housing itself and increases the 
cost and time of manufacture of the overall battery. 

Air doors have not been needed in some applications of metal- 
air cells, such as shown in U.S. Patent 4,118,544 to Przybyla. Przybyla 
describes a primary metal-air button cell used with watches and hearing 
aids Such cells operate during a single, continuous discharge at very low 
current levels. In essence, Przybyla relies upon the use of continuous 
"leakage current" to power devices with very low current demands. 
15 - Metal-air cells typically are designed to have a relatively large 

air electrode surface, so that as large a power output as possible can be 
obtained from a cell of a given volume and weight. Once air is ventilated 
into a metal-air battery housing, a goal has been to distribute the oxygen- 
bearing air uniformly and efficiently to all air electrode surfaces. 
20 Recirculation air managers including fans within the battery housing have 
been developed to distribute air within the housing while keeping the 
volume of make-up air as low as practicable. However, in multiple cell 
systems, air distribution paths typically have extended from a fan, 
positioned along a periphery of the housing adjacent to an air door, for a 
25 lengthy distance over all of the air electrode surfaces. An example is shown 
in U.S. Patent No. 5,387,477. Oxygen is depleted from the air stream so 
that oxygen concentration at the end of the distribution path often has fallen 
below a level desired for optimal power production from all the cells. 
Systems that solve this problem by blowing outside air over the cells and 
30 exhausting it immediately without recirculation are subject to the flooding 
or drying out problems described above. 

Thus, there has been a need for a practical air manager system 
for a metal-air battery without mechanical air doors or other mechanical 
sealing methods to prevent diffusion therethrough when the battery is not in 
35 use The system should maintain a stable water vapor equilibnum across 
the air cathode of a metal-air cell while convectively providing new oxygen 
for operation of the cell at desired power levels in a simplified battery 
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housing. There also has been a need for a recirculating air distribution 
system within a metal-air battery housing that minimizes the length of the 
air distribution path to the air electrode surfaces and minimizes the 
variation of the concentration of oxygen in the distributed air for all cells. 

5 

Summary of the Invention 

The invention seeks to provide an improved ventilation system 
for a metal-air cell or battery that maintains a more stable water vapor 
equilibrium across the air cathode of a metal-air cell while still providing 

10 new oxygen needed for operation of the cell at desired power levels, that 
does not require a mechanical air door, and which includes an air vent for a 
metal-air battery housing that substantially eliminates diffusion therein when 
the fan of the ventilation system is turned off. 

In accordance with the invention, this object is accomplished in 

15 a ventilation system for a metal-air battery having a housing for enclosing at 
least one metal-air cell. The housing has at least one air inlet opening and at 
least one air outlet opening. A fan is positioned to force air into the air 
inlet opening and out of the air outlet opening when the fan is turned on. 
The openings are sized with a length in the direction through the thickness 

20 of the housing being greater than a width in the direction perpendicular to 
the thickness of the housing. The openings are unobstructed and are sized to 
eliminate substantially the air flow into the air inlet opening and out of the 
air outlet opening when the fan is turned off. 

More particularly, the present invention provides a ventilation 

25 system for a metal-air battery having a preferred output current density 
with the fan on of about 50 to 200 ma per square inch of air cathode 
surface. Each opening preferably has a length to width ratio where the 
length is greater than about twice the width, with each opening having a 
length of about 0.3 to 1.5 inches and a width of about 0.03 to 0.3 inches. 

30 The openings are preferably sized in the aggregate to permit a flow rate 
therethrough of about 20 to 80 cubic inches per minute when forced by fan 
having a capacity of about 100 to 3000 cubic inches per minute. 

When the fan is turned off, the openings are sized to slow the 
rate of diffusion therethrough such that the drain current density is less than 

35 1 ma per square inch of air cathode surface. The preferred ratio of the 
output current density to the drain current density of the battery is at least 
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100 to 1. The flow rate with the fan off is preferably about 0.01 to 0.2 
cubic inches per minute or less. 

The invention further seeks to provide a recirculating air 
distribution system within a metal-air battery housing that delivers oxygen- 

5 rich air to all cells in an efficient manner. 

In accordance with the invention, this object is accomplished in 
a metal-air battery that includes a recirculating air distribution system 
within a metal-air battery housing that minimizes the length of the air 
distribution path to the air electrode surfaces and minimizes the variation of 

10 the concentration of oxygen in the distributed air for all cells, by providing 
a fan within the battery housing positioned to distribute air to two separate 
sets of metal-air cells at the same time. In this configuration, all cells of 
both sets of cells receive air quickly, and the air received is of more 
uniform oxygen concentration because the air paths are shorter than in 

15 previous configurations utilizing the same number of cells. 

In the housing of a battery embodying this aspect of the 
invention, a fan defines a flow axis from a negative pressure side of the fan 
to a positive pressure side of the fan. The battery further includes at least 
one ventilation opening in the housing; a plurality of metal-air cells within 

20 the housing, at least a first cell being located on a first side of the fan flow 
axis and at least a second cell being located on a second side of the fan flow 
axis; a first air path extending from the positive pressure side, of the fan 
along an air electrode side of the first cell and to the negative side of the 
fan; and a second air path extending from the positive pressure side of the 

25 fan along an air electrode side of the second cell and to the negative side of 
the fan; the fan supplying air to both the first and second air paths at the 
same time. 

The ventilation opening or openings utilized in this embodiment 
can be of the type described for the first embodiment, or can be of the type 
30 utilizing an air door. Preferably, two elongate passageways are ported to 
each side of the fan, and have a length and diameter selected to substantially 
eliminate diffusion therethrough when the fan is turned off. 
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Brief Description of the Drawings 

Fig. 1 is a diagrammatic top view of the battery housing 
embodying the present invention, showing the position of the cells, the fan, 
and the air openings, in combination with the direction of the flow of air 
5 with respect to the housing. 

Fig. 2 is a vertical cross sectional view taken along line 2--2 of 

Fig. 1. 

Fig 3 is a diagrammatic pictorial view of a ventilation opening. 

Fig. 4 is a pictorial view of a second embodiment of a battery 
0 incorporating the present invention, with portions broken away to show 
interior detail. 

Fig. 5 is a top plan view of the battery of Fig. .4. 

Fig. 6 is a top view of the interior of the battery of Fig. 4, 
taken along line 6—6 of Fig. 7. 
15 Fig. 7 is an end view of the interior of the battery of Fig. 4, 

taken along line 7—7 of Fig. 6. 

Fig. 8 is a side cross sectional view of the cover portion of the 
housing of the battery of Fig. 4, taken along line 8-8 of Fig. 6. 

20 Detailed Description 

Referring now in more detail to the drawings, in which like 
numerals refer to like parts throughout the several views, Figs. 1 and 2 
show a metal-air battery pack 10 embodying the present invention. The 
metal-air battery 10 includes a plurality of cells 15 enclosed within a 

25 housing 20. Although the use of the invention with a zinc-air battery is 
disclosed, this invention should be understood as being applicable to other 
types of metal-air battery cells. 

The housing 20 isolates the cells 15 from the outside air with 
the exception of a plurality of ventilation openings 25. In the embodiment 

30 shown in Figs. 1 and 2, a single air inlet opening 30 and a single air outlet 
35 are utilized. As described below, the number of openings 25 is not as 
important as the aggregate size of the openings 25 in connection with the 
shape of each opening 25. The housing 20 may be any type of 
conventional, substantially air-tight structure. 

35 A circulating fan 40 is provided for convective air flow both in 

and out of the housing 20 and to circulate and mix the gases within the 
housing 20. The arrows 45 shown in Fig. 1 represent a typical circulation 
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of the gases into, out of, and within the housing 20 to provide reactant air 
to the cells 15. The capacity of the fan 40 depends upon the size of the 
housing 20 and the power demands of the battery 10. The term "fan 40" as 
used herein is intended to mean any device used to move air. 

5 The fan 40 may be positioned within the housing 20 or 

adjacent to the housing 20 in communication with one of the openings 25. 
If the fan 40 is located within the housing 20, the ventilation openings 25 
are positioned such that the inlet opening 30 and the outlet opening 35 are 
positioned on opposite sides of the fan 40. The only requirement for the 

10 positioning within the housing 20 of the fan 40 and the openings 25 is that 
they are in sufficiently close proximity to each other to create a convective 
air flow into, through, and out of the housing 20. The fan 40 may be 
mounted within or adjacent to the housing 20 in any convenient manner. 
The fan 40 is generally sealed into place by a gasket 41 or other 

15 conventional means to ensure that the low pressure and high pressure sides 
of the fan 40 are isolated from one another. 

As is shown in Fig. 2, the plurality of cells 15 within housing 
20 are arranged such that a reactant air plenum 50 is positioned under the 
cells 15. The air plenum 50 generally defines an air plenum inlet 55, an 

20 air passageway 60, and an air plenum outlet 65. The fan 40 is generally 
positioned between and isolates the air plenum inlet 55 from the air plenum 
outlet 65 for efficient air flow through the housing 20. 

As is shown in Fig. 3, the ventilation openings 25 are 
preferably sized such that their length 26, i.e., the direction through the 

25 thickness of the housing 20, is greater than their width 27, i.e., the 
direction perpendicular to the thickness of the housing 20. By using a large 
enough ratio between the length 26 and the width 27 for the ventilation 
openings 25, it has been found that diffusion of air through the openings 
25, without the assistance of the fan 40, is substantially eliminated. By 

30 "substantially eliminated," it is meant that the rate of diffusion of oxygen or 
contaminates through the openings 25 is so slow that humidity transfer or 
drain current is sufficiently small and has little appreciable impact on the 
efficiency or lifetime of the battery 10. The openings 25 are sufficiently 
long and narrow to provide a barrier to diffusion of gases therethrough 

35 when the fan 40 is turned off. 

This required ratio between length 26 and width 27 is at least 
about two to one. These ratios are sufficient to prevent appreciable 
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diffusion through the openings 25 when the fan 40 is turned off while 
permitting convective air flow therethrough when the fan 40 is turned on. 
The use of larger ratios between length 26 and width 27 is preferred. 
Depending upon the nature of the battery 10, the ratio can be more than 
5 200 to 1. 

The preferred total open area of the openings 25 depends upon 
the desired capacity of the battery 10. Any number of openings 25 can be 
used such that aggregate open area of all of the openings 25 equals this 
preferred total open area, with each such opening 25 having the same or 

10 similar ratios of length 26 to width 27 to provide the barrier functions. 
Although the use of circular openings 25 is disclosed, any conventional 
shape having the required ratios may be employed. Further, the openings 
25 may be straight or curved in length. 

In use, ambient air is drawn into the air inlet 30 by pull of the 

15 fan 40 when the fan 40 is turned on. As is shown by the arrows 45 in Fig. 
1, the air is then drawn through the fan 40 and into the air plenum 50. The 
air enters the air plenum 50 through air plenum inlet 55, travels though the 
pathway 60 to provide a reactant air flow for the cells 15, and exits via the 
air plenum outlet 65. The air is then again drawn into the fan 40 where it 

20 either mixes when fresh incoming ambient air or is forced out of the 
housing 20 via air outlet 35. When the fan 40 is turned off, the rate of 
diffusion of air through the openings 25 is reduced to acceptable levels such 
that a mechanical air door is not required. 

By way of example, in a preferred embodiment of a battery 

25 pack 10 designed to power a portable computer (not shown), an 8 volt 
battery 10 with 8 battery cells 15 is used (an up-converter (not shown) also 
may be used). Each cell 15 has an output of about 1 volt or slightly higher 
at about 1 to 4 amps. Each cell 15 has an exposed cathode area (not shown) 
of about 18 to 22 square inches for a total exposed cathode area of about 

30 144 to 176 square inches. The battery 10 therefore has a current density of 
about 50 to 200 ma per square inch of cathode surface when the fan is 
turned on. The fan 40 has a capacity of about 100 to 3000 cubic inch per 
minute. 

In order to pull a gas flow through the housing 20 of about 20 
35 to 80 cubic inches per minute when the fan is turned on, the openings 25 
are sized with a length 26 of about 0.3 to 1.5 inches, with about 1.0 inch 
preferred, and a width 27 of about 0.03 to 0.3 inches, with about 0.09 inch 
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preferred. The total open area of each opening 25 is therefore about 
0.0007 to 0.5 square inches, with a preferred ratio of length 26 to width 27 
of about 10 to 1. 

When the fan 40 is turned off, the gas flow rate is reduced to 

5 about 0.01 to 0.2 cubic inches per minute or less, with a leakage current of 
less than 1 ma. The ratio of output current density with the fan 40 turned 
on to drain current density with the fan 40 turned off is expected to be at 
least 100 to 1 in an efficient battery 10. 

It is understood that the respective sizes, capacities, densities, 

10 flow rates, and other parameters discussed above are dependent upon the 
overall size and power requirements of the battery 10. For example, 
output current density could easily run in the range of 10 to 500 ma per 
square inch of air cathode surface area in a conventional battery 10. It is 
also understood that other types of electrical devices besides computer 

15 equipment may be powered by the. battery 10. 

The openings 25 are also preferably sized to preferentially 
diffuse oxygen out of the housing 20 during recharge. Oxygen is generated 
at the cathode (not shown) during recharge. The openings 25 are sized in 
the aggregate to force oxygen out of the housing 20 when the partial 

20 pressure of oxygen within the housing 20 is at a level above the partial 
pressure of oxygen outside the housing 25. 

A second embodiment of a battery 70 embodying the present 
invention is shown in Figs. 4-8. The battery 70 includes a housing 72 in 
two parts sealed together at a central joint: a cover portion 73 and a bottom 

25 portion 74. Within the housing 72 four cells 76-79 are positioned in two 
stacks of two cells each. Cells 76 and 77 form a left stack, as viewed in 
Fig. 7, and cells 78 and 79 form a right stack spaced apart from the left 
stack. A fan 80 is positioned in the elongate space between the left and 
right stacks. The fan is oriented to direct air along the space between the 

30 stacks, as shown by the arrows in Fig. 6, from a negative pressure side 81 
of the fan 80 to a positive pressure side 82. The direction of air flow 
through the fan is referred to herein as the flow axis of the fan 80. Thus, 
the left stack, cells 76 and 77, are located on the left side of the flow axis, 
and the right stack, cells 78 and 79, are located on the opposite side of the 

35 flow axis. The fan 80 preferably is located approximately midway along 
the length of the cells, and the spaces between the fan and the cover 73 and 
bottom 74 of the housing 72 are filled by gaskets 83. 
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As best shown in Figs. 5 and 8, the cover portion 73 of the 
housing 72 defines a central groove 85 which is deep at the center of the 
cover 73 and becomes more shallow as the groove approaches the opposite 
edges of the cover. The groove 85 parallels the flow axis of the fan 80. As 
5 shown in Fig. 8, a peripheral portion of the fan 80 protrudes into the 
groove at the center of the groove. A pair of elongate diffusion tubes 87 
and 88 lie in the groove, one on each side of the fan, so that one end of each 
tube is ported to a position adjacent to the fan, with the tubes aligned with 
one another on opposite sides of the fan. The tubes extend upwardly along 
10 the groove in opposite directions away from the fan, and terminate with 
their other ends near the main surface of the cover 73. 

Thus, the inner ends of the tubes 87, 88 lie next to the fan in 
the path of fan blades, facing one another through an outer sector of an 
active area of the fan. The tubes 87, 88 have a cross sectional area and 
15 length selected to substantially eliminate air flow into the housing when the 
fan is turned off, similar to the ventilation openings 25 of the first 
embodiment described above. In the embodiment shown in Figs. 4-8, the 
tubes each preferably have an inside diameter of about 3/16 inch (3 to 6 
mm) and a length of about 7/8 inch (18 to 25 mm). However, any 
20 dimensions falling within the ranges and characteristics described above for 
the ventilation openings 25 may be utilized. Those skilled in the art will 
appreciate that the length of the passageways formed by the tubes 87, 88 
may be increased, and/or the diameter decreased, if the static pressure of the 
fan is increased. A balance between the static pressure of the fan and the 
25 dimensions of the passageways can be found, at which air flow into the 
housing will be sufficiently reduced when the fan is turned off. 

It should also be understood that the passageways provided by 
the tubes 87, 88 may be provided instead by openings molded into the 
cover 73, or by enclosing the groove 85. 
30 The cells 76-79 may be dual air electrode cells of the type that 

have air cathodes adjacent to both surfaces of the cell, and zinc anodes 
between the cathodes. Each cell includes a cathode terminal tab 95 and an 
anode terminal tab 96, and a hydrogen vent 97 formed in the side of the 
cell. The cells 76-79 are spaced apart from each other in their stacks and 
35 also from the cover 73 and bottom 74 of the housing by a plurality of U- 
shaped peripheral gaskets 90 that extend around the periphery of the 
housing except for the central space between the cell stacks, and by central 
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gaskets 92 and 93. The left central gaskets 92 extend from the fan over the 
cell 76, under the cell 77, and between the cells 76 and 77. The right 
central gaskets 93 extend from the fan over the cell 78, under the cell 79, 
and between the cells 78 and 79. The gaskets 92 and 93 extend from the 

5 fan about three-fifths of the width of the cells. The gaskets 90, 92 and 93 
assure that space is provided for air flow adjacent to all the air cathodes of 
the cells, and also direct air flow in such spaces. 

In operation, the fan circulates air along two separate air flow 
paths, at the same time, as shown by the two circles of arrows in Figs. 4 and 

10 6. The air pressurized on the positive side of the fan flows from the central 
space both left and right into the spaces between the cells of each stack, and 
between the cells and the housing. The central gaskets 92; 93 guide the air 
to the outer edge of the air cathodes, and the peripheral gaskets 90 confine 
the air to the area of the air cathodes. After passing the central gaskets, the 

15 air flows back around to the negative side of the fan for recirculation. 
New, or make up, air is admitted through the tube 87 on the negative side 
of the fan, while a similar amount of air is expelled through the tube 88 on 
the positive side of the fan. The fan blades mix the incoming air with air 
within the housing, and force most of the incoming air into the recirculating 

20 air flow paths. Although the fan preferably is midway along the length of 
the cells, it may be positioned at any point along the space between the 
stacks from which the separate air flow paths may be maintained at the same 
time. While the fan is turned on, a flow of air occurs in the tubes 87, 88; 
but when the fan is turned off, the flow in the tubes is so small it does not 

25 result in significant discharge of the cells. As a result of the separate air 
flow paths, all cells of both stacks of cells receive air quickly, and the air 
received is of more uniform oxygen concentration because the air paths are 
shorter than in previous configurations utilizing the same number of cells. 
In other words, when the air flow reaches the last air electrode area prior to 

30 returning to the fan, the air has traversed a smaller cumulative air electrode 
area, and therefore is not as depleted of oxygen as was the case in prior 
systems. 

The cells are wired together in series in a manner known to 
those skilled in the art. The fan is connected to be operated by the cells. A 
35 cable 99 extends from the housing to connect the cells and fan to recharge 
circuitry (not shown) and an upconverter (not shown). The upconverter 
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raises the voltage output of the battery, for example about four volts, to the 
level needed to operate the fan, for example about ten volts. 

Although the embodiment of Figs. 4-8 has been described in 
connection with dual air electrode cells, it should be understood that this 
5 invention is advantageous in batteries of all types of metal-air cells. 
Furthermore, the number of cells on each side of the flow axis of the fan 
may be one, or may be as many as may be serviced adequately by the fan. 
Such cells may be stacked, as shown, or oriented in some other 
configuration. 

10 It should be understood that the foregoing relates only to 

preferred embodiments of the present invention, and that numerous changes 
may be made therein without departing from the spirit and scope of the 
invention as defined by the following claims. 
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Claims 

1 . A metal-air battery, comprising: 

a housing containing a fan operative when on to circulate air 
5 within said housing, and a plurality of metal-air cells operative to 
provide a battery output current when said fan is on; 

at least one ventilation opening in said housing; 

said metal-air battery providing a discharge mode during 
which said fan moves air through said opening to supply air to said 
10 metal-air cells, and an idle mode during which said fan is off and said 
opening is unobstructed; and 

said opening being sized to reduce discharge of said cells 
when said fan is off to a leakage current that is substantially smaller than 
said battery output current. 

15 

2. The apparatus of Claim 1, wherein said opening has a 
length to width ratio of at least 2 to 1. 

3. The apparatus of Claim 1, 

20 wherein said fan defines a flow axis from a negative pressure 

side of said fan to a positive pressure side of said fan, 

wherein said plurality of metal-air cells within said housing 
includes at least a first cell located on a first side of said fan flow axis and at 
least a second cell located on a second side of said fan flow axis, 
25 wherein said metal-air battery further comprises 

a first air path extending from said positive pressure side 
of said fan along an air electrode side of said first cell and to said negative 
pressure side of said fan, and 

a second air path extending from said positive pressure 
30 side of said fan along an air electrode side of said second cell and to said 
negative pressure side of said fan, and 

wherein said fan supplies air to both said first and second air 
paths at the same time. 

35 4. The apparatus of Claim 1, wherein said fan has a capacity 

of about 100 to 3000 cubic inches per minute. 
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5. The apparatus of Claim 1 , 

wherein said metal-air battery has a leakage current density 
with said fan turned off of less than 1 ma per square inch of air cathode 
surface, and 

5 wherein the output current density of said metal-air battery 

with said fan turned on is about 10 to 500 ma per square inch of air cathode 
surface. 

6. The apparatus of Claim 1, wherein said at least one 
10 ventilation opening in said housing comprises at least one inlet opening 

and at least one outlet opening, and said leakage current is smaller than 
said battery output current by at least a factor of 50. 

7. The apparatus of Claim 6, wherein said openings are 
15 sized in the aggregate to permit a flow rate therethrough with said fan on of 

about 20 to 80 cubic inches per minute and to permit a flow rate 
therethrough with said fan off of about 0.01 to 0.2 cubic inches per minute 
or less. 

20 8. The apparatus of Claim 6, wherein said plurality of 

cells cooperate such that said metal-air battery can deliver a current of at 
least 7.2 amperes when said fan is turned on. 

9. A method for controlling air flow to a metal-air 
25 battery, comprising the steps of: 

confining a metal-air cell within a housing, the housing 
defining an opening and a cross-sectional area of the opening that is 
generally perpendicular to the direction of flow through the opening; 

operating a fan to move air through the opening into the 

30 housing; 

precluding operation of the fan so that the fan does not 
move air through the opening into the housing; and 

maintaining the opening in an unobstructed state during the 
step of operating and the step of precluding such that the cross-sectional 
35 area during the operating step is generally identical to the cross-sectional 
area during the precluding step. 
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10. The method of Claim 9, wherein the ratio of current 
that the metal-air battery can deliver during the operating step to the 
leakage current of the metal-air battery during the precluding step is 
greater than 50. 

5 

11. A metal-air battery, comprising: 
a housing; 

a fan defining a flow axis from a negative pressure side of said 
fan to a positive pressure side of said fan; 
10 at least one ventilation opening in said housing; 

a plurality of metal-air cells within said housing, at least a first 
cell being located on a first side of said fan flow axis and at least a second 
cell being located on a second side of said fan flow axis; 

a first air path extending from said positive pressure side of 
15 said fan along an air electrode side of said first cell and to said negative 
pressure side of said fan; 

a second air path extending from said positive pressure side of 
said fan along an air electrode side of said second cell and to said negative 
pressure side of said fan; 
20 said fan supplying air to both said first and second air paths at 

the same time. 



12. The apparatus of Claim 1 1 , wherein 
said metal-air battery provides a discharge mode during 
25 which said fan moves air through said opening to supply air to said 
plurality of metal-air cells, and an idle mode during which said fan is off 
and said opening is unobstructed, 

said plurality of metal-air cells operative to provide a 
battery output current when said fan is on, and 
30 said opening being sized to reduce discharge of said cells 

when said fan is off to a leakage current that is substantially smaller than 
said battery output current. 



35 



13. The apparatus of Claim 11, wherein said air paths are 
defined between the air electrode sides of said cells and a wall of said 
housing. 
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14. The apparatus of Claim 11, wherein said plurality of 
metal-air cells comprises: 

a plurality of said first cells in a first stack, said first cells 
spaced apart vertically to define said first air path therebetween; 
5 a plurality of said second cells in a second stack, said second 

cells spaced apart vertically to define said second air path therebetween; 

said first and second stacks being spaced apart horizontally 
within said housing, and said fan being positioned in a space formed 
between said stacks. 

10 

15. The apparatus of Claim 11, wherein said at least one 
ventilation opening in said housing comprises a pair of elongate ventilation 
passageways ported to positions adjacent to said fan, one on the positive 
pressure side of said fan and one on the negative pressure side of said fan. 

15 

16. The apparatus of Claim 15, wherein each said 
passageway has a length to width ratio of between about 2 to 1 and 200 to 1 . 

17. The apparatus of Claim 15, wherein each said 
20 passageway has a width from 3 to 6 mm and a length from 18 to 25 mm. 

18. The apparatus of Claim 11, wherein said metal-air 
battery has a drain current density with said fan turned off of less than 1 ma 
per square inch of air electrode surface. 

25 
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19. A method for controlling air flow in a metal-air battery, 
comprising the steps of: 

confining at least two metal-air cells within a housing, the 
housing having a fan therein, at least a first cell being located on a first side 
5 of a flow axis of the fan and at least a second cell being located on a second 
side of the fan flow axis; 

directing air from the fan at the same time along: 

a first air path extending from the positive pressure side 
of the fan along an air electrode side of the first cell and to the negative 
10 pressure side of the fan; and 

a second air path extending from the positive pressure 
side of the fan along an air electrode side of the second cell and to the 
negative pressure side of the fan. 

15 20. The method of Claim 19, further comprising the steps 

of: 

operating the fan to move air through an opening into the 

housing; 

precluding operation of the fan so that the fan does not 
20 move air through the opening into the housing; and 

maintaining the opening in an unobstructed state during the 
step of operating and the step of precluding such that the cross-sectional 
area during the operating step is generally identical to the cross-sectional 
area during the precluding step, wherein the ratio of current that the 
25 metal-air battery can deliver during the operating step to the leakage 
current of the metal-air battery during the precluding step is greater than 
50. 
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FURTHER INFORMATION CONTINUED F ROM PCT/ISA£10 

1 Claims: 1-10: Metal air battery containing a fan and at least one 

ventilation opening, being sized to reduce cell discharge 
to a leakage current when said fan is 1n the idle mode. 

2 Claims* 11-20* Metal air battery containing a ventilation opening and a 

fan, so disposed that at least a first battery cell is 
situated on a first side of said fan flow axis, whereas 
at least a second cell is disposed on a second side of 
said fan flow axis. In this way two symmetric air paths 
are created at the same time, thereby minimising variation 
of oxygen concentration Introduced into the two said cells 
(or sets of cells). This battery may be provided with an 
air door or with a ventilation opening as defined in claim 
1 (see description page 5, lines 28-30) 



